after surgery and were excluded from analysis of the longterm results, except for one patient who died of gastric perforation after surgery. Therefore, data were available in 64 patients who underwent follow up for more than 10 years. There were 21 women and 43 men, whose mean age at the time of surgery was 56 years (range 42-78 years).
Indications and Operative Technique
Laminoplasty was indicated in patients with cervical myelopathy caused by OPLL except in two patients. One patient without neurological deficit underwent prophylactic decompression because of severe spinal canal stenosis. In the other severe muscular atrophy and left upper-extremity weakness were present, without gait disturbance and hand clumsiness, which was determined to be socalled dissociated motor loss 22 or cervical spondylotic amyotrophy. 18 No surgery was performed in patients with cervical radiculopathy alone.
The procedure for cervical laminoplasty has been described in detail elsewhere. 12, 15, 34, 36, 39 Through a conventional midline approach, the C2-T1 or -T2 were exposed. The C3-7 or -T1 spinous processes were resected for later use as strut bone graft to hold the elevated laminae in position.
A bone gutter at the medial margin of the facet joint was made bilaterally using a high-speed burr, and laminotomy was performed at the medial margin on one side. The bone blocks from spinous processes (C-6 and C-7 or T-1) and the laminae were fixed together by use of a 20-to 22-gauge wire or a nonabsorbable suture. Bone chips from the other spinous process tips were placed in the hinge gutter in this series of patients; however, this aspect is no longer performed to prevent facet fusion. The laminoplasty usually extended from C-3 to C-7. The decompression, however, was extended up to C-2 and/or down to the upper thoracic spine, as indicated when lesions extended up to these levels. The mean number of opened laminae was 5.3 (range five to eight). Foraminotomy was conducted in four cases of myeloradiculopathy. The nuchal muscle attachments and other paravertebral muscles were sutured back at the original position. Postoperatively the patients wore a soft cervical collar and were allowed to leave the bed within a week. The soft collar was worn for up to 2 months after the surgery.
The mean operative time was 179 minutes (range 90-310 minutes), and the mean estimated blood loss was 475 g (range 80-1900 g).
Neurological Assessment
Except for the two patients already noted, all patients suffered from gait disturbance and/or hand clumsiness preoperatively. To assess the severity of neurological symptoms, we used a new scoring system for cervical myelopathy proposed by the JOA (Table 1) . 17 The system consists of seven categories: motor function of fingers, shoulder and elbow, and lower extremity; sensory function of upper extremity, trunk and lower extremity; and bladder function. The JOA scoring system, which in individuals with normal function yields 17 points, is used to evaluate the severity of myelopathy by allocating points based on the degree of dysfunction in each category. The recovery rate, described by Hirabayashi, et al., 10 indicating the degree of recovery of normal function postoperatively, was calculated as follows: recovery rate (%) = [postoperative JOA score 17 Ϫ preoperative JOA score] / [17 Ϫ preoperative JOA score] ϫ 100. A recovery rate greater than 75% was graded as excellent, 50 to 74% as good, 25 to 50% as fair, and less than 25% as poor. 17 Postoperatively, neurological severity was assessed at 3, 5, and 10 years, as well as at the last follow-up review.
Characterization of Ossification of the Posterior Longitudinal Ligament
The preoperative JOA score was 8.9 (range 0-17 [full score = 17]). Table 2 provides a summary of demographic details obtained in the 64 patients. Ossification of the posterior longitudinal ligament was morphologically classified according to the scheme proposed by the Investigation Committee on OPLL, Japanese Ministry of Health and Welfare. 20, 32 In approximately one half of the patients the mixed type of OPLL was present. Continuous-type OPLL was observed in 28% of the patients. The mean occupying ratio of OPLL, which is the ratio of OPLL thickness to the developmental cervical canal diameter, 20 was 38%. The mean space-occupying available for the spinal cord was 8.5 mm.
Radiographic Assessment
Fifty-nine of 64 patients underwent periodic followup radiographic examination. We were able to study the postoperative progression of OPLL, change of cervical alignment, and spontaneous fusion. We classified cervical alignment into three types based on the lateral radiographs: lordosis, straight, and kyphosis. 19, 20 The progression of OPLL was assessed by comparing serial lateral radiographs and/or tomograms.
Statistical Analysis
Statistical analyses were performed using SAS (SAS Inc., Cary, NC). Wilcoxon signed-rank test and an analysis of variance were used for comparison of continuous variables and evaluation of the significance of difference. The Fisher exact test was used to compare proportions. Multivariate analysis was performed to assess predictive factors for the clinical results as well as postoperative progression of OPLL. To determine the factors affecting surgery-related outcome, the JOA score obtained at the last follow-up examination was used as a dependent variable. Age at operation, preoperative JOA score, type of OPLL, occupying ratio, space available for the spinal cord, postoperative change of the cervical alignment, postoperative radiographic fusion of motion segments, and postoperative growth of OPLL were selected as regressor variables. To determine factors of postoperative progression of OPLL in cephalad and/or caudal directions or in thickness, sex, age at operation, JOA score, type of OPLL, occupying ratio, space available for the spinal cord, postoperative change of the cervical alignment, and postoperative radiographical fusion of motion segments were selected as regressor variables. Stepwise regression was used to determine the best multiple regression, and selection was considered to be completed according to a probability value of 0.20 or less. The adjusted R 2 , which is the coefficient of multiple correlation, was used as an estimate of the proportion of the observed variability that was accounted for by the statistical model.
Results

Patient Population
Data obtained in a follow-up period of greater than 10 years were available in 64 patients (mean follow-up time 12.2 years, range 10-16 years). The mean age at the time of surgery was 56 years (range 42-78 years); 21 patients (33%) were women and 43 (67%) were men. Nine (14%) of the 64 patients had diabetes. Five of the 64 patients had died by the time of the last follow-up review.
With regard to the 25 patients who died within 10 years after surgery, the mean age at surgery was 69 years (range 57-78 years), and the mean preoperative JOA score was 6.8 (range 1-14.5).
Surgery-Related Results
The mean JOA score improved from 8.9 preoperatively to 13.8 at 3 to 10 years postoperatively, but the mean JOA score had deteriorated to 13.1 by the last follow-up examination. The mean recovery rates from 3 to 10 years postoperatively were greater than 60% but declined to 54% at the last follow up. In the short term, 44 (69%) of 64 patients experienced excellent or good neurological outcome; however, at last follow up, this rate had declined to 59%. Of the 64 patients, six patients had suffered from medical morbidity during the follow-up period; two patients sustained brain infarction; one, dementia; one, severe osteoarthritis of the knee that required total-knee arthroplasty; one, arteriosclerosis obliterans of the lower extremities; and one suffered severe ischemic heart disease. Because the neurological condition in these six patients could not be properly represented by JOA scores, they were excluded from the analysis of surgery-related outcomes; the mean JOA score and recovery rate at the last follow up were 13.7 and 60%, respectively ( Table 3 ). The deterioration of the JOA score at the last follow up was statistically significant (p = 0.0329) and the deterioration of the recovery rate at the last follow up was also statistically significant (p = 0.0463) compared with those obtained at 10-year follow-up examination. When comparing the preoperative and last follow-up function according to the JOA scoring system, the scores of the upper motor, lower motor, sensory function, and bladder function all improved (Table 4) .
A poor surgery-related result was defined as a recovery rate less than 25%. 17 Five years postoperatively, poor results were observed in seven (11%) of 64 patients (Table  5) . When the three previously mentioned patients with other associated medical morbidity were excluded, four (7%) of 58 patients experienced poor surgery-related outcome. Poor outcomes in these patients were associated with the amyotrophic type of cervical myelopathy 18, 22 in two, postoperative intractable dysesthesia without detectable cause in one, and unknown causes in one.
Surgery-Related Complications
Neither deterioration of myelopathy nor major surgeryrelated neurological complication was observed. Three (5%) of 64 patients suffered from C-5 or C-6 radiculopathy after surgery: transient radiculopathy recovered completely within a few weeks in two patients; numbness in the C-5 area (without any muscle weakness) and slight numbness remained in the third patient at the last followup review.
With regard to postoperative pain, 20 patients (31%) suffered neck pain, which was graded as slight to mild, and three patients (5%) suffered from upper-extremity pain, which was intractable and drug resistant in two of the three.
Factors Predictive of Surgery-Related Outcome
Multiple regression modeling showed that age at operation and preoperative JOA score were significant predictors for surgery-related outcome (p = 0.064 and p = 0.0001, respectively). Older age at operation and a lower preoperative JOA score were found to be highly predictive of a lower postoperative JOA score. Sex, type of OPLL, occupying ratio of OPLL, space available for the spinal cord, postoperative spontaneous fusion, and a change of the cervical alignment were statistically not related to outcome.
Late Deterioration
Late neurological deterioration was defined as a decrease of three or more JOA scores and a need for reoperation at the treated level. 20, 35 Late deterioration occurred in 10 patients (16%) ( Table 6 ). When two patients with associated complicating medical morbidity were excluded, however, the incidence of neurological deterioration was 14%. The most frequent cause of late deterioration was degenerative disease of the lumbar spine (three patients). The second most frequent cause was thoracic myelopathy secondary to OLF (two patients) or postoperative progression of OPLL at the surgically treated level (two patients). Additional cervical spine surgery was required for the progression of OPLL in only one patient (2%) (see Illustrative Case 3).
Additional surgery unrelated to the cervical spine was required in seven patients (11%) during the follow-up period: five patients underwent discectomy or laminotomy for lumbar disc herniation or spinal stenosis, one patient underwent thoracic laminectomy for OLF, and one patient underwent thoracic laminectomy for OPLL and total-knee arthroplasty for osteoarthritis of the knee.
Postoperative Progression of OPLL and Factors Affecting OPLL Progression
Analysis of serial radiographic data obtained at greater than 10 years postoperatively revealed progression of OPLL in 41 (70%) of the 59 patients who survived beyond 10 years. Longitudinal progression was seen in 38 patients (64%) with a mean of 12.8 mm of extension. Transverse progression in OPLL thickness was seen in 31 patients (53%) with a mean of 3.4 mm of thickness. The mean progression per year was 1 mm in longitudinal extension, and 0.3 mm in thickness. In 21 of 41 cases (51%) the lesion was the mixed type of OPLL, in 14 (34%) it was the continuous type of OPLL, and in five cases (12%) it was the segmental type of OPLL.
Although there was no statistically significant difference in surgery-related outcome between 41 patients with postoperative progression of OPLL and 18 patients without progression of OPLL, neurological deterioration was observed in two of the 41 patients in the former group. Recompression by the OPLL at the treated level occurred in two patients with mixed-type OPLL, and one of these two patients underwent anterior decompression (Case 3).
Multiple regression modeling showed that age at operation and type of OPLL were significant predictors of postoperative longitudinal progression of OPLL (adjusted R 2 = 0.22; p = 0.0043 and p = 0.017, respectively). Both variables were also significant predictors of postoperative transverse progression of OPLL (adjusted R 2 = 0.19; p = 0.099 and p = 0.16, respectively). Younger age at operation was found to be highly predictive of progression of OPLL. The type of OPLL was also found to be predictive of progression of OPLL in the following order: mixed, continuous, and segmental or other type. In addition, the JOA score at last follow up and the amount of space available for the cord were significant predictors of postoperative transverse progression of OPLL (p = 0.097 and p = 0.012, respectively). Higher postoperative JOA score and wider preoperative space available for the cord were found to be highly predictive of transverse progression of OPLL.
Postoperative Spontaneous Spinal Fusion
Analysis of serial radiographic data obtained at more than 10 years postoperatively revealed spontaneous anterior fusion between vertebral bodies in 38 (64%) of the 59 patients who survived beyond 10 years and spontaneous posterior fusion between any facets or laminae in all but two patients (97%). Complete posterior fusion at all levels, as shown in Case 2 (See Illustrative Cases and Fig. 2 lower left) was observed in 23 patients (39%); no segmental movement in cervical spine was demonstrated in 33 patients (56%). Therefore, we no longer place bone from the spinous processes on the hinge side of the laminoplasty.
Cervical Alignment
Preoperatively, sagittal curvature was lordotic in 29 patients (49%), straight in 29 (49%), and kyphotic in one (2%) patient. Five patients (9%) in whom either lordotic or straight alignment was demonstrated on preoperative radiography developed kyphosis (Table 7) . A loss of cervical lordosis was observed in 12 (41%) of the 29 patients with preoperative cervical lordosis (11 progressing to straight, one progressing to kyphosis). Kyphosis developed in four (14%) of 29 patients whose preoperative alignment was straight and in only one (3%) of 29 patients whose preoperative alignment was lordotic. This difference was not statistically significant (p = 0.352).
Overall, deterioration of cervical alignment to kyphosis was demonstrated in five (8%) of 59 patients. None of these patients suffered neurological deterioration, however, and there was no significant difference in surgery-related outcome between lordotic, straight, kyphotic alignment. With regard to postoperative pain, three of the five patients suffered from neck pain, including one patient with intractable upper-extremity pain, and two with no pain at all.
Causes of Mortality
Thirty (34%) of 89 patients had died by the time of the last follow-up review in 2000. Five of them died more than 10 years after surgery, and 25 patients died within 10 years after surgery. Their mean age at surgery was 68 years (range 57-78 years), the mean period between surgery and death was 9 years (range 1-16 years), and the mean age at death was 76 years (range 58-85 years). The * ASO = arteriosclerosis obliterans; IHD = ischemic heart disease. † Because these three patients had other medical comorbidities, their neurological condition could not be properly represented by the JOA scores after surgery. most frequent cause of death was cancer (seven patients), followed by heart disease (six patients), pneumonia (four patients), cerebral vascular accident (three patients), and unknown (six patients).
Illustrative Cases
Case 1
This 47-year-old man with mixed-type OPLL experienced progressive myelopathy; his JOA score was 11 ( Fig. 1) before undergoing C3-7 laminoplasty. His postoperative JOA score was 16.5, and his recovery rate was 92%. Significant progression of OPLL was demonstrated after surgery but no neurological deterioration.
Case 2
This 61-year-old woman with mixed-type OPLL underwent C2-7 laminoplasty; her preoperative JOA score was 11 (Fig. 2) . Her postoperative JOA score was 13.5, and her recovery rate was 42%. Kyphotic deformity of the cervical spine was observed 2 years after surgery. Progression of OPLL did not occur and complete posterior fusion, which was not intentional, was demonstrated. Although kyphotic deformity has progressed, no neurological deterioration has been observed 11 years after surgery.
Case 3
This 57-year-old woman with mixed-type OPLL underwent C3-7 laminoplasty; her JOA preoperative score was 8. Her JOA score improved to 11, but 13 years after surgery she experienced right upper-extremity numbness with gradual worsening (Fig. 3) . Computerized tomography myelography and magnetic resonance imaging revealed atrophic change of the spinal cord at C3-4. Because progression of the OPLL at C3-4 caused radiculopathy, we performed subtotal C-4 corpectomy and partial resection of the OPLL followed by placement of an iliac bone graft 13 years after laminoplasty. The numbness disappeared after the reoperation.
Discussion
Surgery-Related Results and Factors Affecting Results
We have reported follow-up results obtained over a period of more than 10 years. Patients underwent laminectomy for OPLL, and the mean JOA score and the recovery rate at the final follow up were 10.3% and 33%, respectively. 20 Compared with laminectomy, laminoplasty showed significantly better surgery-related results. We consider one of the reasons to be the presence of a higher preoperative JOA score in the current study of laminoplasty than that in patients treated by laminectomy. 20 Based on multivariate analysis, we could confirm that the most significant predictors of postoperative neurological improvement were a higher preoperative JOA score and younger age at operation. Early surgical treatment for OPLL would be advisable.
The space available for the spinal cord, postoperative growth of OPLL, and a change in the cervical alignment have been suggested as factors that affect clinical results, 30 but these factors were not significantly related to outcome in our analysis.
Four (7%) of 58 patients experienced poor surgeryrelated outcome, if patients with other medical confounding morbidities are excluded. Poor outcome in these patients was associated with the amyotrophic type of cervical myelopathy in two, postoperative intractable neck dysesthesia in one, both upper and lower extremities in one, and unknown in one. Cervical spondylotic amyotrophy is the clinical syndrome in cervical spondylosis characterized by severe muscular atrophy in the upper extremities with an absent or insignificant sensory deficit. 18 It is still debated whether this particular syndrome of dissociated motor loss is caused by compression of the anterior horn of the spinal cord or anterior root of the cervical spinal nerve, 18, 22 and we found this type of cervical myelopathy with muscular atrophy to be associated with a poor neurological outcome. A 63-year-old man with weakness of his deltoid and biceps muscles without any long tract signs preoperatively experienced only partial improvement of muscle strength. The other 66-year-old man with intrinsic muscle weakness and long tract signs without gait disturbance preoperatively experienced only partial improvement of muscle strength.
Postoperative axial symptoms such as neck pain and shoulder stiffness are some of the most frequent complaints after laminoplasty. 13, 21, 39 In the present study, although we could not obtain precise data on preoperative axial symptoms, 20 patients (31%) suffered from postoperative axial symptoms. In a previous study it was revealed that the axial symptom was related to limited neck range of motion. 21 Postoperative muscle exercise and neck motion programs are suggested to minimize these symptoms. Although none of these programs has yet proven useful, we are now prescribing the soft collar for only a couple of weeks after laminoplasty.
Late Deterioration
Deterioration of neurological symptoms was an important problem in the evaluation of long-term results. In the present study, there were no cases of early deterioration that might be associated with surgery-related trauma or spinal cord ischemia. Neurological deterioration in this study occurred from 5 to 15 years postoperatively (mean 10 years). Inoue, et al., 14 have reported that 38.5% of their patients with OPLL (mean age 63.5 years at last follow up) deteriorated after suspension laminotomy and development of OPLL was demonstrated in all. In our present review of laminoplasty, half of the patients in whom late deterioration occurred experienced postoperative progression of OPLL, but the deterioration was related to the pro- gression of OPLL in only two of eight patients. Deterioration was caused most frequently by compression of other regions in five patients, OLF at lower thoracic levels (T10-12) in two patients, lumbar spinal stenosis in one patient, and lumbar disc herniation in one patient. Because the thoracolumbar junction is difficult to visualize on plain radiographs, careful pre-and postoperative evaluation using tomography, computerized tomography, and/or magnetic resonance imaging should be performed to evaluate spinal stenosis of the whole spine. 20 
Postoperative Progression of Ossification and Change in Cervical Alignment
Postoperative growth of ossified lesions and change in cervical alignment influence the long-term results of cervical laminectomy. 19, 20, 27 We have reported that 70% of patients who underwent laminectomy suffer postoperative progression of ossification, but in only one (3%) could neurological deterioration be attributed to this. 20 In the current study in which laminoplasty was performed, progression of ossification was noted in 70% of the patients, which was identical to that in patients treated with laminectomy. 20 It was clearly the cause of neurological deterioration in only two (3%) of the patients who underwent laminoplasty. Because the ossified lesion frequently grows after posterior decompression, we recommend extensive laminoplasty that includes upper cervical lesion and/or upper thoracic lesions when present. In addition, etidronate disodium may prevent postoperative progression of OPLL. 37 Multivariate analysis revealed that younger age at operation and mixed-type OPLL were the highest predictors of progression of OPLL and that continuous-type was the second highest predictive form of OPLL, compared with segmental or other types. Higher postoperative JOA score and wider preoperative space available for the cord were predictors of transverse progression of OPLL thickness. This finding implies that the postoperative activity of the patient is related to progression of OPLL.
Kaptain, et al., 19 have reported that 21% of their patients with either straight or lordotic alignment developed kyphosis after cervical laminectomy. In the present study of laminoplasty, kyphosis developed in only 8% of patients, but these changes did not correlate with the neurological outcome or postoperative pain. Patients with preoperatively established kyphotic deformity were excluded from the surgical indication of laminoplasty by Hirabayashi, et al. 11 Because of the lack of association between development of kyphotic deformity and neurological deterioration, we do not consider laminoplasty to be contraindicated in patients with slight to mild kyphotic alignment of the cervical spine.
Surgery-Related Considerations
Compression myelopathy due to disc herniation, cervical spondylosis, or OPLL may be treated surgically by anterior or posterior decompression. 9, 16, 36 To obtain anterior decompression, ossified ligaments should be removed 4, 5, 23 or floated anteriorly. 25, 28, 33, 34 Anterior decompression and fusion can be performed when fewer than three levels are involved below C2-3; 11 however, the potential of surgery-related complications, including cerebrospinal fluid leakage, dislodgement, or pseudarthrosis of the grafted bone, do exist. 5, 6, 28 In addition, the authors of long-term follow-up reports of anterior fusion have revealed that restenosis or spondylotic change in the adjacent levels is observed. 1, 2, 8, 18 Hilibrand, et al., 8 have recently reported that 25.6% of patients who underwent anterior cervical fusion would develop symptomatic adjacent-segment disease within 10 years after surgery. Furthermore, Matsuoka, et al., 25 have reported that inadequate decompression of the ossified ligament was recognized in 14% of patients in whom the anterior floating method was performed.
On the other hand, laminectomy may result in postoperative deformity of the cervical spine 29 or recompression of the spinal cord caused by removal of the posterior elements and the formation of a scar membrane. 11, 24 Since the development of open-door expansive laminoplasty in 1977, 12 however, expansive laminoplasty has become the treatment of choice for many surgeons in cases of multilevel myelopathy. 11, 16, 35 Radiographic and biomechanical studies suggest that laminoplasty is superior to laminectomy in maintaining cervical alignment and preventing postoperative deformities. 3, 7 Because OPLL tends to progress postoperatively 20 and neurological improvement is related to the volume of the enlarged osseous canal, 2 it is necessary to expand the sagittal spinal canal sufficiently over the range of one vertebral level above and below the stenotic level.
11
When our long-term results of laminoplasty are compared with those of the anterior floating method, 25, 34 both procedures yield good recovery rates (59% in the latter and 60% in the former at last follow up), but there were fewer surgery-related complications when laminoplasty was performed. When the incidence of surgery-related complications and the high possibility of postoperative progression of OPLL are considered, adequate decompression by expansive laminoplasty may be preferred if the OPLL involves more than three levels. 11, 16, 26, 31, 35 
Conclusions
The authors recommend early surgical decompression for OPLL because better neurological recovery is demonstrated in patients in whom surgery is performed at a younger age and in those with a higher preoperative JOA score. Postoperative progression of OPLL was noted in 70% of our patients, but it was not usually associated with neurological deterioration. Progressive kyphosis after laminoplasty was seen in 8%, but these changes did not cause neurological deterioration. When the incidence of surgery-related complications and the high possibility of postoperative growth of OPLL are considered, we recommend expansive laminoplasty for OPLL involving more than three levels.
